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Preparation , characterization and molecular models of a 

ligand derivative of the 1,3,4-thiadiazole and some transition 

metal complexes. 

ثبيبديزول(و بعض -1,3,4تحضير وتشخيص و إشكبل الجزيئبت لمشتقبت اللكنذ ل)

 فلزات العنبصر الانتقبلية.
.Waleed Muhsen Sarhan,Chemistry Department,college of science, Kufa university 

 

Abstract: 

That thiadiazoles derivative are biologically active as antimicrobial agent
(1)

 . therefore, the 

derivative of the 1,3,4-thiadiazole has prepared along with series of their metal complexes. The 

reaction of ligand; 2-amino-5-{[(diethylamino)carbonothioyl]dithio}1,3,4-thiadiazole with 

Cu(II) , Fe (II) , Ni (II) ions yield the following complexes [Cu(ligand)2Cl2], 

[Fe(ligand)2(H2O)2]SO4,  . [Ni(ligand)2Cl2] . The ligand and their metal complexes were 

characterized using the appropriate techniques, which included melting point, IR,and UV-visible 

.According to the data obtained, the structural formula with three dimensions  of our complexes 

were suggested. 

 :ألخلاصه

داياشٔل تًتهك فعانيّ بيٕنٕجيّ كعٕايم يضادة نهًيكسٔباتيٍ انًعسٔف إٌ عدد يٍ يشتقات انثايا
(1)

 

ثايادايهاشٔل ٔ اتتيهست نتحضهيس له ههّ يهٍ انًعقهدات  -4,3,1نرنك تى تحضيس يسكب جديد يشتق يٍ حهقهّ 

 -4,3,1}داي ثههههايٕ]داي اثههههم اييُٕ(كازبَٕٕثههههايٕل {[(-5-اييُههههٕ -2انفهصيههههج انةديههههدة. إٌ تفاعههههم انهكُههههد : 

ٔ قههد طع ههم انًعقههدات انتانيههج :  Cu (II) , Ni (II)  , (II)  Feلايَٕههات انتانيههج :ثايادايههاشٔل يهه  ا

[Cu(ligand)2Cl2]   ,[Fe(ligand)2(H2O)2]SO4 ,  .  [Ni(ligand)2Cl2]  اٌ انهكُهد انًحضهس قهد

شهه ب بالههت داو انتقُيههات انًُالههيج ٔ انتههم شههًهم كههم يههٍ : دزجههات الاَعههٓاز , ٔ ط يههاف الاشههعّ تحههم 

ى اقتسحهم ثهفهٕ  انيُف هةيج , ٔ بالاعتًهاد عههن انُتهائس انً تحعههّ يهٍ ْهرِ انقيالهات  –ٔ انًسئيهج  انحًساء

 طنعيغّ انتسكيييج ٔ انشكم ذٔ الإبعاد انثلاثج نهًعقدات انةديدة.

Introduction 
A glans at the standard references show that most of the studies has been carried out on the 1,3,4-

thiadiazole-containing compounds which are synthesized and tested for their antimicrobial  

activity
(2-3)

, these compounds had received more attention during the last decade. It has found that 

the substituted thiadiazole to display fungicidal
(4-5)

, neumatocidal
(6)

, and antitubercular
(7)

,activities. 

 
1,3,4-thiadiazole derivatives 

(8)
 are associated with a number of biological activities probably due to 

the presence of the –N=C-S groups 
(9)

 .substituted thiadizole have been reported to display diverse 

applications as oxidation inhibitor, cyanine dyes, and metal complexing agents too
(10)

. 

The main role for the disulfide bonds is the stabilize the three dimensional structure of molecule
(11)

, 

by Pryor had suggested that bivalent sulfur bond is nearly pure p orbital. The bond angle for two 

atoms attached to sulfur was about 105
0
 . the four electrons that still left on a sulfur atom were 

assigned as two to the s orbital and two to the third p orbital. In disulfide bond, the pairs of the non-



Journal of Kerbala University , Vol. 7 No.4 Scientific . 2009 
 

 62 

bonded p electros on adjacent atoms were considered to repel each other, so that ,to minimized 

repulsion, R groups of  R-S-S-R take the dihedral angle of about 90
0
. As  a result of this situation, 

the molecule creates a barrier for rotation around the disulfide bond
(12)

.  

Experimental part  

Apparatus 

1) Infrared spectroscopy 
 

I.R. spectra of the prepared compounds (KBr disc) recorded using Pye Unicam SP3-100 and perkin-

Elmer 1130 infrared spectrophotometer (4000-600 cm 
-1

 range) 

 

2) Electronic absorption spectra 
 
The   electronic   spectra   of  the   complexes   were obtained using shimadzu    uv-vis-160A    

ultra-violet   spectrophotometer    at   room temperature using silica cells of 1.0cm length 

 

Purification of starting material 
1-  thiosemicarbazide was purified by recrystallization from hot distilled water. This process 

produced pale yellow crystal. 

2- carbon disulfide was purified by extraction from isobutanol.  thioacetic acid was purified 

by adding equal amount of sodium bicarbonate to convert the acid to salt and then extracted 

from aqueous layer. This product was used as such in the preparation of ligand 

 

Preparation of ligand 

 

N N

S

NH2 SH

 

Figure (1): 5-amino-1,3,4- thiadiazol -2-thiol compound 

 

5-amino-1,3,4- thiadiazol -2-thiol compound fig.(1) was prepared by the method 

adopted by Petrow and co-workers (13) as follows: 

Thiosemicarbazide (0.3 mole, 27.3 g) was suspended in absolute ethanol (105 ml), anhydrous 

sodium carbonate (15.9 g) and carbon disulfide (0.36 mole, 27.6 g) were then added and the 

mixture was refluxed with stirring for 6 hrs. The reaction mixture was then allowed to cool at room 

temperature and filtered. The filtrate was evaporated to dryness under reduced pressure and the 

residue was dissolved in distilled water (600 ml) and acidified to pH 6 with concentrated HCI to give 
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an orange precipitate. The crude product was filtered, washed excessively with distilled water and 

recrystailized from hot water to give compound as yellow needles. 

Preparation of bis(5-amino-1,3,4- thiadiazol-2-yl) disulfide 
 

 

N N

S

NH2
S S

N N

S

NH2

 
 

Figure (2): bis(5-amino-1,3,4- thiadiazol-2-yl) disulfide 

 

 

This compound fig.(2) was prepared by oxidation of compound (5-amino-1,3,4- thiadiazol -2-

thiol) using hydrogen peroxide 
(14)

. 

Hydrogen peroxide (31 ml, 3% w/v) was added drop wise to a solution of 5-amino-1,3,4- 

thiadiazol -2-thiol (45.8 m mole, 6g) in ethanol (50 ml) with continuous stirring for 1 hr at room 

temperature'. A yellow precipitate was formed, and this was collected by filtration, washed with 

distilled water and dried in oven at 70°C to provide compound . 

 

 Preparation of 2-amino-5-{[(diethylamino)carbonothioyl]dithio}1,3,4-

thiadiazole : 

N
N

S
NH2

S

S

S

N

CH3

CH3  
 

Figure (3) 2-amino-5-{[(diethylamino)carbonothioyl]dithio}-1,3,4-thiadiazole 

 

 
This compound fig. (3) was prepared by the general procedure of thiol-disulfide interchange 

method
(14)

. 

An aqueous solution (30 ml) containing sodium diethldithiocarbonate  (2.12 g) was added to the  

yellowish  compound of bis(5-amino-1,3,4- thiadiazol-2-yl) disulfide  (3.5 g). The reaction mixture 

was stirred continuously for 1 hr at room temperature. A straw yellow precipitate was formed, and 

this was filtered, washed with distilled water and dried in an oven at 70°C. 
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Preparation of Metal Complexes: 

 
Each individual metals ion was prepared by a general procedure 

(15)
 as follows: 

to 1 mmole of metals ions {which are; Cu
2+

 , Ni
2+

 ions used as chloride salts except Fe
2+

 ions as 

sulfate } dissolved in distilled water and add 2 mmole of the ligand to the aqueous solution of the 

ion . the complexes produced were washed with distilled water, filtered and dried in an oven at 

70°C. 

Results and Discussion; 

Preparation, Mechanism, And Identification Of Thiadiazole Derivative:  

The thiadiazole   derivative  was prepared according to the general scheme (1) outlined below: - 

N N

S

NH2 S S

S

N

CH3

CH3

NH2

S

NH NH2

Na2CO3

CH3CH2OH

N N

S

NH2
S S

N N

S

NH2

N N

S

NH2
SH

H2O2

N

S

S
-

CH3

CH3

Na
+

 

 

 

 

Thiosemicarbazide  

5-amino-1,3,4- thiadiazol -2-thiol  

bis(5-amino-1,3,4- thiadiazol-2-yl) disulfide   

2-amino-5-{[(diethylamino)carbonothioyl]dithio}-1,3,4-thiadiazole  
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Scheme (1) Mechanism Of the Thiadiazole Derivative 
      

  Good yield, and purer product was produced in this work by introducing some changes on the 

method of preparation. 

Compound  was prepared according to the method described by Petrow 
(13)

, through the reaction of 

thiosemicarbazide with carbon disulfide in the presence of anhydrous sodium carbonate in absolute 

ethanol. The structure of compound  was confirmed by its melting point, I.R and U.V. spectrum 

which showed  max at 326 nm that is consistent with the reported data 
(16)

.    

 

 FT-IR of the ligand 

The FT-IR spectrum of  ligand , Fig. (4),  shows the following bands :-  

The two strong - sharp bands appeared  at (3259) cm
-1

 and (3270) cm
-1

  may correspond to 

symmetric stretching vibrations and asymmetric of (NH2), respectively, (C=N) appeared at 

(1645)   cm
-1

. The weak band appeared at υ (450) cm
-1 

could be attributed to the υ (S-S) 

bond. The weak band at (630)cm
-1 

 could be attributed to (S=C) stretching vibration 

group
(17)

.                                                    

FT-IR of the Cu(II) complex  
The FT-IR spectrum of Cu(II) complex is shown in figure (5), which shows the following                 

features :- 

The medium band appears at (625) cm-
1
, which correspond to υ (C=S) of the ligand 

(17)
 ,was shifted 

by 22 cm
-1

 compared to that of the uncomplexed (free) ligand, this indicate the coordination of 

copper (II) ion with the ligand through the sulfur of C=S group. A further evidences for the 

formation of Cu-N band came from the appearance of weak broad band at (480) cm
-1

 as a shoulder 

which correspond to υ (Cu-N)
(18)

. 

 

FT-IR of the Ni(II) complex : 
The FT-IR spectrum of Ni(II) complex is shown in figure (6) , which show the following common 

features : a weak band appeared at (645) cm
-1

 which correspond to υ (C=S)of the ligand was shafted 

by (15) cm
-1

 compared to that of the uncomplexed (free) ligand, indicating the bonding of nickel ion 

with the ligand through the sulfur  of υ (C=S) group, the band corresponding to , another weak band 

appears at (475) cm
-1

 which give further evidences for the formation of (Cu-N) band.
(18) 
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FT-IR Fe(II) ligand complex:- 

The FT-IR spectrum of Fe(II)complex is shown in figure (7), which shows of the following bands : 

the weak band appeared at υ (652) cm
-1

 which correspond to (C=S) of the ligand which came (22) 

cm
-1

  higher than that of the free  ligand, this indicate the bonding of Fe(II) ion with the ligand 

through the sulfur of (C=S) group. As further evidences for the formation of (Fe-N) band came 

from the appearance of weak band at (470) cm
-1

 as a shoulder
(17)(18) 

 Electronic spectra : 

The electronic spectra is based on the electronic interaction of the metal d-orbitals and orbitals of 

the ligand. In our study, the spectra were recorded in the range of (200-1100) nm using solvent - 

system of 10%ethanol in DMSO: 

Below, simple explanations for the electronic spectra of the  ligand and their respectives complexes. 

The ligand has two characteristics bands in the u.v. region, which correspond to the thiadiazole ring 

at (359) nm and the disulfide bond at (230)nm
(19)

. These two bands were assigned to ( * )  

transitions of the aromatic ring and ( * )  transition of the lone-pair of electrons of disulfide 

bond. 

# The Cu(II)  complex spectra showed one broad band at 

825 nm which is an indication for the (
2
Eg

2
T2g ) transitions of octahedral geometry figure (8), 

 as expected. These transitions are weak because they are forbidden. The band is an indication for 

the distortion expected by d
9
 complexes (Jahn-Teller distortion)

(19)
. 

# The electronic spectra for Fe(II) complex showed one absorption band at (380) nm refers 

to (
5
T2g

5
Eg ) transition 

of the 
5
D state of d

6
 complexes. As suggested, the structure of Fe (II) is octahedral figure (9). 

#         The Ni (II) complex spectra showed two weak bands at; (390) nm, and (432)nm which may 

be referred to the 
3
F state of the transition; (

3
A2g

3
T1g) (P), (

3
A2g

3
T1g) (F), the third 

transition (
3
A2g  

3
T2g) of the d

8
 system of octahedral figure (10).

(19)
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Formation constant : 

The composition of complex was studied by mole-ratio method 
(20)

  and this method indicate that 

the ratio of metal ion to ligand (M:L) was (1:2) for Cu(II), Fe(II) and Ni(II) fig (12, 13, 14) 

respectively. 

The formation constants calculated by applied procedure and was found : 

Cu(II) = 0.66 * 10
14

 

Fe(II) = 0.23 * 10
10

 

Ni(II) = 0.76 * 10
13

 

 

 

 

Fig. (4) :- FT-IR spectrum of the ligand 
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Fig. (5) :- FT-IR spectrum of the Cu(II) complex 

 

Fig. (6) :- FT-IR spectrum of the Ni(II) complex 
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Fig. (7) :- FT-IR spectrum of the Fe(II) complex 

 

N

NS

NH2

S

S

S

N

CH3

CH3

N

N S

NH2

S

S

S

N

CH3

CH3

Cu

Cl

Cl

 
 

Figure (8) Cu (II) complex 
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Figure (9) Fe(II) complex 
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Figure (10) Ni(II) complex 
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Figure (11) the 3D structure of three complexes 

 

   

M.P  C
o
 color Sample  

205-207 straw  yellow ligand 

242-244 blue Cu(II) complex 

281-283  brown Fe (II) complex 

273-274  Pale blue Ni (II)complex 

 

Table (1) :physical data for the ligand and complexes 

 

 
M/L 

Fig (12) mole ratio of Cu(II) complex 

 

0.4      0.8      1.2       1.6      2       2.4       2.8  3.2 
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M/L 

Fig (13) mole ratio of Fe(II) complex 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

M/L 

Fig (14) mole ratio of Ni(II) complex 

 

 

 

 

 

 

 

 

 

 

 

0.4      0.8      1.2       1.6      2       2.4       2.8  3.2 

0.4      0.8      1.2       1.6      2       2.4       2.8  3.2 
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